RVG-mediated calpain2 gene silencing in the brain impairs learning and memory.
In the central nervous system, two calpain isoforms are highly expressed: calpain1 and calpain2. Here, we show for the first time that activation of the calpain isoform, calpain2, is a necessary event in hippocampal synaptic plasticity and in learning and memory. We developed a fluorescence resonance energy transfer-based animal model to monitor in vivo calpain activation in single cells and in real time. Additionally, utilizing a novel rabies virus glycoprotein-chimeric peptide, which enabled the transvascular delivery of small interfering RNA to the brain against calpain2, we down-regulated the calpain2 isoform in vivo. Calpain2 gene silencing eliminated long-term potentiation and impaired learning and memory. Our results not only identify the calpain2 isoform as a critical mediator in learning and memory but also highlight an innovative, highly efficient calpain2-targeting peptide capable of isoform-specific gene silencing in the brain. We anticipate these innovative technologies and our better understanding of the calpain machinery, particularly of the calpain2 isoform, will have substantial influence on future translational studies, attracting considerable interest in the use of calpain models and calpain-specific inhibitors in the development of therapeutics.